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Abstract
The blood of human adults contains a pool of circulating CD4 + memory T cells and normal human skin contains a CD4 + CD69 + memory T cell population that produce IL17 in response to Candida albicans. Here we studied the generation of CD4 + CD69 + memory T cells in human skin from a pool of circulating CD4 + memory T cells.
Using adoptive transfer of human PBMC into a skin-humanized mouse model we discovered the generation of CD4 + CD69 + resident memory T cells in human skin in absence of infection or inflammation. These CD4 + CD69 + resident memory T cells were activated and displayed heightened effector function in response to Candida albicans. These studies demonstrate that a CD4 + CD69 + T cell population can be established in human skin from a pool of circulating CD4 + memory T cells in absence of infection/inflammation. The described process might be a novel way to spread antigen-specific immunity at large barrier sites even in absence of infection or inflammation.
Healthy human skin is protected by at least four phenotypically and functionally distinct subsets of memory T cells that are either recirculating or tissue-resident (Watanabe et al. 2015) . Tissue resident memory T cells (TRM) are maintained within the tissue and show superior effector function over circulating memory T cells. TRM are defined by the expression of CD69 and/or CD103, both of which contribute to tissue retention (Mackay et al. 2015; Mackay et al. 2013) . CD4 + CD69 + TRM are generated in response to microbes such as C.albicans and provide protective immunity upon secondary infection in mouse skin, and a similar CD4 + CD69 + T cell population that produced IL17 in response to heat killed C.albicans ex vivo was found in human skin (Park et al. 2018) . By contrast, a population of fast migrating CD69 -CD4 + memory T cells entered murine dermis even 45 days after C.albcians infection when the infection was already resolved, hence they were likely not recruited in response to antigen. These data suggest that in absence of infection/inflammation, T cell memory in human skin is heterogenous and composed of resident and migratory memory T cell populations. In mouse parabiosis experiments CD4 + memory T cells were able to modulate CD69 and/or CD103 expression, exit the skin and were found in equilibrium with the circulation. However, it is unclear if these cells could re-migrate to the skin and re-express CD69 upon entry into the tissue (Collins et al. 2016 ). Re-entry into the tissue to regain residency at distant skin sites would facilitate dispersion of protective immunity across large barrier organs such as the skin. The presence of a migratory memory T cell population in previously infected skin (Park et al. 2018) implies the existence of circulating memory T cells that can enter non-infected skin in steady state. So far it remains to be elucidated if human circulating CD4 + memory T cells can give rise to resident memory T cells in human skin in absence of acute infection.
We therefore set out to test whether human peripheral blood mononuclear cells (PBMC) contain a circulating population of memory CD4 + T cells with the potential to enter noninflamed/non-infected skin sites distinct from the site of initial antigen-encounter, and assume the phenotype and function of CD69 + CD4 + resident memory T cells upon tissue entry. For this, we utilized a novel xenografting mouse model (detailed in Klicznik et al. linked submission) in which we adoptively transferred human PBMC into immunodeficient NODscid IL2rγ null (NSG) mice (King et al. 2008 ) mice that carried engineered human skin (ES), which was devoid of any resident leukocytes. Within this model, designated huPBMC-ES-NSG, we found that transferred PBMC preferentially infiltrated the human but not murine skin, and that the human skin tissue promotes T cell maintenance and function in absence of inflammation or infection (Klicznik et al. linked submission) . In line with previous reports (Clark et al. 2006) , we found that human PBMC contained a proportion of skin homing CLA + CD45A -CD4 + memory T cells and, upon adoptive transfer skin-tropic CLA + CD4 + T cells were significantly enriched in the ES compared to the spleen (Fig. 1a ). Interestingly among these CLA + cells, the majority expressed the TRM marker CD69 in the ES (Fig.1b ).
Importantly, the increased proportion of CD4 + T cells expressing CD69 in the ES was likely not due to tissue-derived inflammatory cues (Mackay et al. 2012 ) such as IL1a, IL1b, IL18, IL23, IFNg, TNFa and TNFb, which were found at equal or lower levels as in healthy human skin (Supplement Fig.1 ). Nor was CD69 expression due to local activation of T cells by antigen-presenting cells (APC), which are virtually absent in the ES of this PBMC-ES-NSG model (Klicznik et al., linked submission) . Some of the CD69 + cells in the ES expressed CD103, a marker of human CD4 + CLA + TRM (Klicznik et al. 2018) (Fig. 1c ). Additionally, CD69but not CD69 + cells within the ES and the spleen expressed CD62L, a marker of circulating memory T cells (Watanabe et al. 2015) (Fig. 1d ). These two distinct memory subsets, a resident memory-like CD4 + CD69 + and a CD69 -CD62L + migratory population, replicate two major sets of memory T cells in healthy human skin (Park et al. 2018) . Taken together, these data show that circulating CD4 + memory T cells have the ability to up-regulate markers of tissue-residency upon entry into non-inflamed/non-infected human skin. CD69 + TRM represent a transcriptionally, phenotypically, and functionally distinct T cell subset at multiple barrier sites with enhanced capacity for the production of effector cytokines compared to circulating cells (Kumar et al. 2017) . A proportion of skin-tropic human CD4 + T cells is specific for C.albicans (Acosta-Rodriguez et al. 2007) , and to compare the function of CD69 + and CD69 -CD4 + T cells infiltrating the ES, we injected the ES after adoptive transfer of human PBMC with autologous monocyte derived DC that were pulsed with heat killed C.albicans. (Fig. 2a ). Upon antigen-challenge CD69 + memory T cells produced higher levels of effector cytokines such as IL17, IFNg, TNFa and IL2 ( Fig. 2b-e ), which is in line with a rapid memory response upon secondary infections.
Here we show for the first time that circulating human memory CD4 + T cells can enter skin in the absence of infection or inflammation and give rise to a CD69 + CD4 + memory T cell population (Fig.1b ). Importantly these recently immigrated resident memory T cells produce substantially higher levels of effector cytokines (Fig.2b-e ) in response to C.albicans, indicating that they represent the main responding memory population, which is in line with recent findings in murine skin (Park et al. 2018) . It remains to be elucidated whether CD69 + CD4 + memory T cells reside within the ES long-term or if they can modulate CD69 expression and leave the tissue again. The ability of circulating CD4 + memory T cells to enter non-inflamed skin sites, where they assume the phenotypical and functional profile of resident memory T cells reveals a novel mechanism to generate and disperse protective memory in large barrier organs, such as the skin.
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